INTRODUCTION {#S0001}
============

Whereas the contribution of physique and body composition in soccer performance was recognized, these parameters of physical fitness were not well-studied in adolescent players. According to recent researches conducted in adults, body composition was related to parameters of soccer performance, it differed from general population and differences were shown between starters and substitutes as well as between playing positions. For instance, body mass and fat free mass (FFM) were related to the total distance covered in international players ^\[[@CIT0001]\]^. Adult male players had a lower percentage of body fat (BF) compared with the reference population (10% vs. 16.7% accordingly)^\[[@CIT0002]\]^. BF discriminated female starter players from substitutes (21.8% vs. 24.3% respectively)^\[[@CIT0003]\]^. In male soccer players, BF, fat mass (FM) and FFM differences according to position were recorded ^\[[@CIT0004]--[@CIT0006]\]^. Players in the first Turkish league were less endomorphic, more mesomorphic and less ectomorphic than those in the second league (2.4--4.8--2.3 vs. 3--4.5--2.6) ^\[[@CIT0005]\]^. Players in the first Serbian league were taller and heavier than those in the third league^\[[@CIT0007]\]^.

There were also indications of the importance of body composition for soccer performance in younger age. Child and adolescent players, aged 9--14.9 y had a significantly lower BF than reference population^\[[@CIT0008]\]^. Starters players, aged 10--14 y, were leaner than substitutes^\[[@CIT0009]\]^. Variation of body composition according to playing position was reported in players with 14--21 years of age^\[[@CIT0010]\]^, and in players with 16--18 years of age^\[[@CIT0011]\]^, in which defenders were characterized with lower BF. Moreover, 14--17-year-old successful players were taller, heavier and leaner than their non-selected counterparts^\[[@CIT0012]\]^.

Several studies revealed an association between age and body composition across adolescence. Nevertheless, there was no consensus regarding the direction of this association. Both increase and decrease of BF across adolescence were reported in relevant studies. Under-19-year-old players had lower BF and higher FFM than U16 (14.3±2.3% vs. 16.6±2% and 47.1±4.1 vs. 40.8±1.8 kg respectively) ^\[[@CIT0013]\]^, whereas in a study of French players, BF increased from 11.5 y (10.6±1%) till 18 y (13.6±1.2%), and FFM increased too (35.6±4 kg vs. 58.6±5.9 kg respectively) ^\[[@CIT0014]\]^.

Consequently, further investigations into body composition fluctuation in adolescent soccer players seemed necessary. Aim of this study was to investigate the effect of age on selected body composition parameters (BF, FM and FFM) and somatotype across adolescence, as well as to compare adolescent age groups with child and adult control groups with respect to these traits. The null hypotheses that there was no difference between age groups and there was no association between age and these parameters were examined.

METHODS AND SUBJECTS {#S0002}
====================

Participants and procedures {#S20003}
---------------------------

A non-experimental, descriptive-correlational design was used in this investigation. Testing procedures were performed during competition season 2009-2010. The study was approved by the local Institutional Review Board. Oral informed consent was received from all participants or parents after verbal explanation of the experimental design. Adolescence was suggested to range between 10 and 22 years of age in boys, although it was a difficult period to be defined in terms of chronological age, because of variation in time of its onset and termination ^\[[@CIT0015]\]^, and it was the period that consisted of a foundation stone for future athletic excellence. Male adolescent (*N*=290; aged 12.01--20.98 y), classified into nine one-year age-groups (group under thirteen U13, aged 12.01--13 y; U14, 13.01--14 y, U15, 14.01--15 y, U16, 15.01--16 y; U17, 16.01--17 y; U18, 17.01--18 y; U19, 18.01--19 y; U20, 19.01--20 y; U21, 20.01--21 y), child (control group, U12, *N*=16, aged 7.34--11.8 y) and adult players (control group, C, *N*=28; aged 21.01--31.59 y), all members of competitive soccer clubs, practising soccer training from 3.25 h weekly in children to 8.5 h in adults, volunteered for this study ([Table 1](#T0001){ref-type="table"}). Participants were familiarized with the testing procedures used in this study through pre-investigation familiarization sessions. They visited our laboratory once, where anthropometric and body composition data were obtained.

###### 

Anthropometric data of participants (mean values with standard deviation in brackets)

  Age group   N    Age (y)       Body mass (kg)   Stature (m)    BMI (k^−2^)
  ----------- ---- ------------- ---------------- -------------- --------------
  **U12**     16   10 (1.62)     40.37 (9.81)     1.417 (.08)    19.98 (3.56)
  **U13**     30   12.58 (.27)   48.46 (8.72)     1.564 (.091)   19.66 (2.09)
  **U14**     38   13.52 (.26)   56.66 (7.92)     1.665 (.073)   20.38 (2.19)
  **U15**     55   14.56 (.27)   61.17 (9.25)     1.7 (.079)     21.12 (2.49)
  **U16**     53   15.47 (.28)   65.82 (8.86)     1.732 (.06)    21.92 (2.51)
  **U17**     37   16.51 (.3)    70.78 (12.8)     1.758 (.064)   22.9 (4.12)
  **U18**     36   17.43 (.28)   69.48 (10.32)    1.753 (.054)   22.55 (2.58)
  **U19**     15   18.37 (.32)   70.58 (6.51)     1.76 (.066)    22.77 (1.62)
  **U20**     18   19.56 (.31)   73.19 (6.15)     1.767 (.051)   23.43 (1.64)
  **U21**     15   20.58 (.31)   75.21 (6.42)     1.779 (.072)   23.77 (1.57)
  **C**       29   25.3 (3.07)   76.7 (6.75)      1.795 (.059)   23.77 (1.17)

BMI: Body Mass Index

Protocols and equipment {#S20004}
-----------------------

Despite the development of several laboratory assessment methods of body composition, e.g. underwater weighting, air displacement plethysmography, labelled water techniques, bioelectrical impedance and dual-energy X-ray absorptiometry, these methods seemed inappropriate for field and clinical use^\[[@CIT0016],[@CIT0017]\]^. Contrarily, skinfold and circumference measures offered inexpensive and non-invasive means to be administered in large samples ^\[[@CIT0018],[@CIT0019]\]^. Skinfold measures were employed in our study to estimate the body composition. All measurements were realized by qualified and experienced tester.

Height and body mass were measured using a stadiometer (SECA, Leicester, UK) and an electronic scale (HD-351, Tanita, Illinois, USA) respectively. Percentage of body fat was calculated from the sum of 10 skinfolds using a skinfold calliper (Harpenden, West Sussex, UK), based on the formula proposed by Parizkova^\[[@CIT0020]\]^. The anthropometric Heath-Carter method of somatotyping was employed for the quantification of shape and composition of the human body, expressed in a three-number rating representing endomorphy (relative fatness), mesomorphy (relative musculo-skeletal robustness), and ectomorphy (relative linearity or slenderness)^\[[@CIT0021]\]^.

Data and statistical analysis {#S20005}
-----------------------------

Results were presented as mean±*SD* (standard deviation). Data sets were checked for normality using the Shapiro-Wilks normality test and visual inspection. Association between body composition measures (BF, FM and FFM) and age was examined by Pearson moment correlation coefficient (*r*). Differences between different age-groups were assessed using one-way analysis of variance. Correction for multiple comparisons was undertaken using the Bonferroni method. The significance level was set at alpha=0.05. Statistical analyses were performed using SPSS v.17.0 statistical software (SPSS Inc., Chicago, IL, USA). Reference data of general population consisted of a sample of 9797 humans, aged 0--18 y, from the 1^st^ Paediatric Clinic of University of Athens^\[[@CIT0022]\]^, and were employed for percentiles. For certain age groups (U14-U18), percentage of body fat (BF%) was compared with general population^\[[@CIT0023]\]^.

RESULTS {#S0006}
=======

Analysis of variance revealed differences between age groups with respect to FM (*F*~10,331~=3.34, *P*\<0.001) and FFM (*F*~10,331~=60.24, *P*\<0.001), while there was no difference with respect to BF (*F*~10,331~=1.46, *P*=0.152). Age had a positive association with FM (*r*=0.2, *P*\<0.001) and FFM (*r*=0.68, *P*\<0.001), and a negative association with BF (*r*=0.12, *P*=0.047). Body composition values are shown in [Table 2](#T0002){ref-type="table"} and the effect of age in [Fig. 1](#F0001){ref-type="fig"}. Somatotype components changed across adolescence too. Age was linked to endomorphy (*r*=−.17, *P*=.005), mesomorphy (*r*=0.14, *P*=0.019) and ectomorphy (*r*=0.17, *P*=0.004). Endomorphy and ectomorphy decreased, while mesomorphy increased in order to attain the adult soccer somatotype (3--4.9--2.3) ([Table 3](#T0003){ref-type="table"}).

![Percentage of body fat (BF%), fat mass (FM) and fat free mass (FFM) for the adolescent and control groups, presented as means with 95% confidence intervals on the left and the association between corresponding body composition parameters and age with solid lines representing regression of the means and interval lines with 95% confidence intervals on the right.](ASJSM-2-075-g001){#F0001}

###### 

Body composition of participants (mean values with standard deviation in brackets)

  Age group   BF (%)         Fat mass (kg)           Fat free mass (kg)
  ----------- -------------- ----------------------- ---------------------------------
  **U12**     18.57 (6.73)   7.99 (5.25)^U17^        32.38 (5.07)^U13-U21,C^
  **U13**     16.61 (5.22)   8.27 (3.5)^U17,C^       40.19 (6.47)^U12,U14-U21,C^
  **U14**     15.8 (3.57)    9.09 (2.87)             47.58 (6.03)^U12,U13,U16-U21,C^
  **U15**     16.43 (4.18)   10.26 (3.74)            50.92 (6.67)^U12,U13,U16-U21,C^
  **U16**     16.5 (3.94)    11.08 (3.98)            54.74 (5.95)^U12-U15,U17-U21,C^
  **U17**     16.29 (4.32)   11.97 (5.57)^U12,U13^   58.81 (7.92)^U12-U16,U21,C^
  **U18**     15.8 (3.51)    11.21 (4.13)            58.27 (6.94)^U12-U15,U21,C^
  **U19**     14.75 (3.01)   10.42 (2.43)            60.16 (5.84)^U12-U16^
  **U20**     15.24 (3.46)   11.31 (3.31)            61.89 (3.75)^U12-U16^
  **U21**     14.45 (2.07)   10.9 (2)                64.31 (5.37)^U12-U18^
  **C**       15.06 (2.96)   11.64 (2.95)^U13^       65.07 (5.13)^U12-U18^

Age groups presented as exponents next to standard deviation denoted significant difference according to Bonferroni multiple comparison test.

BF: Body Fat

###### 

Somatotype of participants (mean values with standard deviation in brackets)

  Age group   Endomorphy                                    Mesomorphy   Ectomorphy
  ----------- --------------------------------------------- ------------ ------------
  **U12**     5.5 (3)                                       4.5 (1.4)    2.1 (1.5)
  **U13**     4.1 (2.2)[\*](#TF0001){ref-type="table-fn"}   4.5 (.9)     2.9 (1.1)
  **U14**     3.4 (1.3) [‡](#TF0002){ref-type="table-fn"}   4.3 (1.1)    3.3. (1.3)
  **U15**     3.6 (1.3) [‡](#TF0002){ref-type="table-fn"}   4.2 (1.2)    3.1 (1.4)
  **U16**     3.6 (1.4) [‡](#TF0002){ref-type="table-fn"}   4.4 (1.2)    2.8 (1.5)
  **U17**     3.4 (1.6) [‡](#TF0002){ref-type="table-fn"}   4.5 (1.5)    2.8 (1.6)
  **U18**     3.4 (1.3) [‡](#TF0002){ref-type="table-fn"}   4.5 (1.2)    2.6 (1.3)
  **U19**     3 (.9) [‡](#TF0002){ref-type="table-fn"}      4.7 (.9)     2.6 (.9)
  **U20**     3.2 (1) [‡](#TF0002){ref-type="table-fn"}     4.9 (.9)     2.3 (1)
  **U21**     2.8 (1) [‡](#TF0002){ref-type="table-fn"}     5 (1.1)      2.4 (1.1)
  **C**       3.0 (0.9) [‡](#TF0002){ref-type="table-fn"}   4.9 (0.9)    2.3 (0.6)

*P*\<.05,

*P*\<.001 denoted differences from child control group (U12)

Across adolescence, mean values of body mass of the various groups were between 50^th^ and 75^th^ percentile (P~50~-P~75~), close to the line of P~50~ till U17, while U18 was between P~25~ and P~50~, close to the line of P~50~. Correspondingly, stature followed a trend similar to body mass, mean values were between P~50~ and P~75~, beginning closer to the line of P~75~ for U12 and ending closer to the line of P~50~ for U17, while U18 was between P~25~ and P~50~, close to the line of P~50~. BMI was between P~50~ and P~75~, close to the line of P~50~ in U12, while it was between P~25~ and P~50~ for all other age groups^\[[@CIT0022]\]^. BF levels followed trends similar to general population (U14-U18). U14, U15 and U18 were between P~25~ and P~50~, while U16 and U17 were slightly over P~50~^\[[@CIT0023]\]^.

DISCUSSION {#S0007}
==========

Whether body composition parameters (BF, FM and FFM) were associated with age during development was examined. The extent to which somatotype was dependant on age was also examined. In both cases data were compared with age-matched general population. The development of anthropometric characteristics and body composition in our sample followed a pattern similar to the general population, while there were differences in stature (taller) and in BMI (lower) with respect to the reference data. Values close to adulthood attained levels as suggested by the up-to-date literature, similar to a comparison of four European leagues (English, Spanish, Italian and German), in which stature was 1.80±0.06 m to 1.83±0.06 m, body mass was 74.3±5.4 to 77.5±6.4 kg, and BMI was 22.8±1.1 to 23.2±1.1 kg^.^m^−2\[[@CIT0024]\]^.

Whereas there was no difference with respect to BF between age groups, BF was in a weak, but significant, inverse association with age. The main finding of this study was quantification of differences regarding body mass that were attributed mostly to FFM increase. Although there was a positive association between both FM and FFM, and age, the increases of these two components were disproportionate. Age corresponding to U17 was identified as a crucial turn point of adolescence, in which significant changes in FM and FFM were observed, the ratio of increase in FFM decreased and FM stopped to increase further.

Somatotype components changed across adolescence too. Age was linked to endomorphy, mesomorphy and ectomorphy. Particularly, endomorphy and ectomorphy decreased, while mesomorphy increased in order to attain the adult soccer somatotype (3--4.9--2.3), similar to those reporting from previous studies (2--5.5--2 in international players)^\[[@CIT0001]\]^. No significant difference was observed between adolescent age groups with respect to endomorphy. Still, all the groups and the adult control group differed from child control group. Taken together, these results and the inverse relationship between age and endomorphy indicated a decrease of this somatotype component with development, i.e. the older the soccer player, the lower relative fatness, which came to terms with the corresponding trend of BF. Contrarily, mesomorphy was in positive association with age, i.e. the older the soccer player, the higher the relative musculo-skeletal robustness, which was in accordance with the development of FFM. Similarly, no significant difference among adolescent age groups was noticed regarding endomorphy. With regard to ectomorphy, no difference was observed between age groups, but there was a significant, weak, inverse association with age, i.e. the older the soccer player, the lower the relative linearity or slenderness. Recently, a study of 203 players, aged 14--19 y, showed somatotypes 2.5--4.2--3.4 in U15, 2.3--4.3--3.1 in U16, 2.6--4.4--2.6 in U17, 2.5--4.4--2.6 in U18 and 2.4--4.3--2.4 in U19, and indicated only a decrease in ectomorphy^\[[@CIT0025]\]^.

Body composition was in a strong interrelationship with physical activity (PA), i.e. higher PA levels resulted in lower BF and BMI, while people with lower BF and BMI achieved higher PA levels (inverse relationship between PA and BF or BMI). A main limitation of any study of current body composition scores is that the attribution of a physical characteristic either to talent or to previous training remains questionable. In the present study, participants were interviewed about their current training load (weekly time) and previous experience (years engaged in soccer). However, the possibility still remains that current values are due to systematic approach to training prior to induction into the team or due to non-sport physical activity levels.

This study was carried out on Greek soccer players. Consequently, its results could be generalized to similar populations of other countries, on the assumption that these countries were in similar or lower level than Greece (FIFA world ranking 10^th^ on February 2011) ^\[[@CIT0026]\]^. It was presumed that in higher international levels, considering the contribution of body composition on soccer performance, players had better body compositions among the other parameters of physical fitness and thereafter, differences among age groups might be attenuated or even annihilated. Besides, the cross-sectional design of this investigation had the advantage of a well-controlled research environment, whereas longitudinal studies in spite of the difficulty of applying the same methods over long time could provide data about the same participants. Therefore, the combined use of cross-sectional and longitudinal study should be suggested for future research, in order to cover a long period and to be able to identify crucial "turn-points" across adolescence regarding changes in body composition.

Another limitation of this study was that only chronological age, without pubertal stage detection, was used to define the groups. A study of Di Luigi et al^\[[@CIT0027]\]^ showed that a group of 110 young Italian male soccer players ranging from 10 to 16 years of age, divided into seven different classes according to their birth-year, presented a high inter-individual variability of pubertal stage within the same class of chronological age. This can explain the variability of the physical parameters (height, FM, FFM, BF) during this particular age group (adolescence) and underlines the importance of the consideration of the pubertal age in addition to the chronological age in the talent identification and the exercise prescription. Even if chronological age was examined instead of biological, our findings could be used by coaches and fitness trainers for talent identification purpose, as well as for normative data of anthropometric, body composition characteristics and physique in adolescent soccer players.

CONCLUSION {#S0008}
==========

In summary, this paper addressed the question of differences in body composition and physique across adolescence. Although there was no difference between adolescent age groups in BF, BF was weakly, but significantly, in inverse association with age, which was explained by the stronger effect of age on FFM than on FM. Since there was no consensus regarding the development of body composition, especially of BF, our results should be viewed with some caution until they get confirmed in other samples. Somatotype components changed across adolescence too; endomorphy and ectomorphy decreased, while mesomorphy increased.
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